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SIMMARY 


As part of a general investigation of methods of 
calculating hinge-moment and lift characteristics of 
control surfaces on finite-span wings from two-dimensional 
data, the electromagnetic-analogy method was used to pro- 
vide lifting-surf ace- theory solutions applicable to the 
determination of aspect-ratio corrections for the slope 
of the curve of hinge-moment coefficient against flap 
deflection. Solutions were obtained for two vortex 
patterns representing unswept elliptic wings having aspect 
ratios of 3* The chordwise loads corresponded to a thin 
airfoil with a 0.5-chord plain flap and to a thin airfoil 
with parabolic-arc camber, both in two-dimensional flow. 
The vertical component of the induced- ve loci ty field of 
the two vortex patterns was determined; however, the 
actual method of applying the results to hinge-moment and 
lift computations is not discussed. 

A comparison of the results of the present measure- 
ments with those of previous tests indicated that the 
increment of induced downwash at the 0.5-chord line over 
the value predicted by lifting-line theory is a linear 
function of the center-of -pressure coefficient. This 
increment decreases as the center of pressure moves toward 
the trailing edge of the airfoil. The induced camber 
decreases as the center of pressure of the two-dimensional 
load moves toward the leading edge. This variation does 
not appear to be linear. 

INTRODUCTION 


Lifting- line theory has proved inadequate for the 
computation of the hinge-moment characteristics of control 
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surfaces of finite-span wings from two-dimensional data. 
Lifting-surface-theory solutions for thin unswept elliptic 
wings at an angle of attack have been used in computing 
the slope of the curve of hinge-moment coefficient against 
angle of attack for small angles of attack (reference 1). 
The results were in good agreement with experiment. 

A description of the electromagnetic-analogy method 
of solving lifting-surf ace-theory problems is presented 
in reference 2. Two electromagnetic-analogy models were 
constructed and tested to provide lifting-surface-theory 
solutions applicable to the determination of aspect-ratio 
corrections for the slope of the curve of hinge-moment 
coefficient against flap deflection. The models were 
elliptic in plan form and had an aspect ratio of 3 . The 
chordwise loadings corresponded to a thin airfoil with 
a 0 . 5 -chord plain flap and to a thin airfoil with 
parabolic-arc camber, both in two-dimensional flow. 

The present report gives the results of these tests and 
a comparison with values predicted on the basis of lifting- 
line theory. 


SYMBOLS 


circulation from leading edge to general point 


section lift coefficient 
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a 


angle of attack 

angle of attack for infinite aspect ratio 
flap deflection 

section slope of curve of lift coefficient with 



angle of attack 


section slope of curve of lift coefficient with 



flap deflection 


(cxg) c ^ section lift effectiveness 
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:) 


q 


free-stream dynamic pressure 
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b 

S 

A 

c 

c s 

Cf 

p 

z max 


x 

y 

0 


fluid density 
free-stream velocity 

vertical component of induced velocity 
wing span 

/ 

wing area 

aspect ratio (b^/s) 


wing chord 

wing chord at plane of symmetry 
flap chord 

ratio of maximum ordinate of a thin parabolic-arc 


airfoil to its semi chord 


■'max 




maximum ordinate of thin parabolic-arc airfoil 


center-of-pressure coefficient (ratio of distance 
of center of pressure from leading edge to 
chord ) 

chordwise distance from wing leading edge 
spanwise distance from plane of symmetry 


parameter 
( co s " 1 


defining chordwise 



position 


0f parameter defining flap location 

Subscripts : 

LL lifting-line theory 

max maximum 

parabolic-arc-camber chord loading 
flap chord loading 




pa 

flap 


k 
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ELECTROMAGNETIC -ANALOGY MODELS 
Vortex Patterns 


In order to construct electromagne tic -ana logy models 
of the wing with flap and the wing with parabolic -arc 
camber, the vortex patterns that are to represent the two 
wings and their wakes must first be determined. The load 
was assumed to be distributed chordwise according to thin- 
airfoil theory and span^-vise in proportion to the chord. 

Elliptic wing with 0 . 5- chord-flap chord loading . - 
The ratio of the circulation from the leading edge of the 
airfoil to a point x at any spanwise station to the 
total circulation from the leading edge to the trailing 
edge is given by the chordwise circulation function 2r/cc^V, 

From thin-airfoil theory the value of this function for a 
flat plate with a plain flap is 


f 2T\ 

V 


(rr - 9f)(0 + sin0) + (cos0 - cos0f) logg 


cc 7 V ) 

L /f lar 


1 - cos (0 - 0f) 


cos 9 - cos 0f 


+ 0 sin 0 f 


tt( rr - Of + sin 0 f) 


( 1 ) 


This relation may be derived from the velocity-potential 
functions presented in reference 3 and is shown in figure 1 
for a flap-chord ratio of 0.5. 


The load per unit span cc^q at a general point y 
is given by 



Contour lines of the product 2T/c s V6 of the span- 
wise loading function ccj /c s 6 and the chordwise 
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circulation function 


2T 


\ CC 7 V j 

\ 1 / flap 

pattern of the wing with flap. Figure 2 shows 10 of these 




determine the vortex 


contour lines in terms of the parameter 


2T 


2F \ 


or r/T 


c s V6/ \c s V6y r 


max 


max * 


Elliptic wing with parabolic-arc-camber chord 
loading . - A thin airfoil with parabolic-arc camber at 
zero angle of attack has an elliptic chordwise pressure 
distribution. The chordwise circulation function for 
such a pressure distribution may be shown to be 


f 2T\ 

lcc>v j 

\ u ,/pa 


1 

rr 


- — sin 20 


( 2 ) 


A plot of the function is presented in figure 3* 

The load per unit span ccyq at a general point y 
is given by 

cc^q = 27rcpq 


= 2rrc. 


1 - 


whence 


CC: 


C S P 


2tt \ 1 - 


v^/2 j 



pq 


The vortex pattern of the wing with parabolic-arc- 
camber chord loading is determined by contour lines of 
the product 2r/c g Vp of the spanwise loading func- 
tion ccj/cgp and the chordwise circulation func- 

/ 2r \ 

tion i . Ten contour lines for the elliptic wing 

W%a 

with parabolic-arc camber are presented in figure 
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Construction of Electromagnetic-Analogy Models 

In order to simplify construction, only one semispan 
of each wing was simulated. The models were constructed 

"by fastening ---inch-thick aluminum and brass strips to 
16 

sheets of plywood. The span of each model was 0.33 feet, 
which is considerably larger than the spans of previous 
electromagnet! c -analogy models tested (references 2 and p.) . 
A larger span was used to increase the accuracy of the 
simulation of the vortex sheet and of the measurement of 
the magnetic-field strength. Details of the construction 
and the method of introducing the current into the strips 
at the center section of the model are shown in figure 5 . 
The lead-in wires at the center section were perpendicular 
to the plane of the simulated vortex sheet so that the 
current flowing through these wires would not induce 
downwash in that olane . 


Downwash Measurements 

The method employed in making the measurements of 
the vertical component of the magnetic field Induced by 
the electromagnetic-analogy models is described in refer- 
ence 2. Measurements of the inagneti c-f ield strength at 
both the real and the reflection points were made because 
only one semispan of each wing was simulated. The induced 
downwash was determined from the sum of the two readings. 
The induced magnetic-field strength was measured at about 
50 chordwise points for five vertical heights and 20 span- 
wise positions for both models. Curves were faired through 
the measured data and extrapolations to zero height were 
made for six or seven chordwise stations. The extrapolated 
values of magnetic-field strength were then converted to 
the nondimensional downwash wb/2T max . 

Corrections applied for the finite length of the 
trailing vortices were computed by assuming the loading 
to be a simple rectangular loading (see reference 2). 
Experience has shown that this approximation gives correc- 
tions of satisfactory accuracy. 
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PRESENTATION OP RESULTS. 

Elliptic Wing with 0 . 5 -Chord-Flap Chord Loading 


According to a combination of lifting- line theory 
and thin-airfoil theory, the nondimensional down- 
wash wb /2P max for an elliptic wing with a chord loading 

corresponding to that of a 0. 5 -chord plain flap in two- 
dimensional flow is given by 



(x/c < 0.5) (3a) 


^ wb \ 1 + a 

-m*x) LL k 8(a 5 ) c ^ 


(x/c > 0 . 5 ) (3b) 


The term — represents the downwash induced by the trailing 
4 - 

vortices as comouted by lifting-line theory. According 
to thin-airfoil theory the downwash induced by the bound 
vorticity is zero for all points ahead of the flap hinge 
line, where the slope of the surface is zero (equation ( 3 a)). 
The second term of equation ( 3 b) represents the downwash 
induced by the bound vorticity behind the flap hinge line, 
where the slope of the surface is 6 . For an aspect ratio 
of 3 an d a 0 . 5 -chord flap, this term has a value of 0 .iq 59 * 


Values of the nondimensional downwash wb/2r ma ;x: ? or 

the wing with flap chord loading, determined by the 
electromagnetic-analogy method, are presented in figure 6 
as a function of chordwise location for various spanwise 
positions. The lifting-line- theory values predicted by 
equation (3) are included for comparison. These data are 
replotted in figure 7 with the lifting-line- theory values 
(equation (3)) subtracted. This operation removes the 
discontinuity of the flap hinge line. 
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Elliptic Wing with Parabolic-Arc-Camber Chord Loading 

According to a combination of lifting-line theory 
and thin-airfoil theory, the nondimensional down- 
wash wb/BT^ax for an elliptic wing with a chord loading 
corresponding to that of a thin parabolic-arc airfoil at 
zero angle of attack in two-dimensional flow is 



The first term on the right-hand side of equation (Ip) 
represents the downwash induced by the trailing vortices 
as determined from lifting-line theory and the second, 
that induced by the bound vorticity according to thin- 
airfoil theory. 

Measured values of the parameter wb/2r max are 

presented in figure 8. In order to give a better illus- 
tration of the induced camber, the lif ting-line-theory 
values of the Induced- downwash parameter (equation (1+)) 
were subtracted from the measured values and the results 
were plotted against spanwise location for various chord- 
wise stations in figure 9* 


DISCUSSION OP RESULTS 
Induced Angle of Attack 


Lifting-surface-theory solutions of unswept elliptic 
wings show the induced, camber to be approximately para- 
bolic, since the chordwise variation of downwash is 
approximately linear (see figs. 6 and 8). Because the 
angle of attack of a thin airfoil of parabolic shape is 
given by the slope of the mean line at the 0.5-chord 
point (reference i|), the induced angle of attack at the 
0.5-chord line of an unswept elliptic wing is a measure 
of the induced loading of angle-of -attack chord loading. 
This induced angle of attack is thus determined from the 
values of the downwash wb/2r max at the 0.5-chord point. 

In figure 10 values of the induced downwash wb/2r max 
at the 0. 5-chord line, reduced by the amount predicted on 
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the basis of lifting-line theory, are plotted against the 
center-of -pres sure coefficient of the two-dimensional 
load. The value for the angle-of -attack chord loading 
was obtained from reference 2. The increment in induced 
downwash apoears to be directly proportional to the loca- 
tion of the center of pressure; the increment decreases 
as the center of pressure moves toward the trailing edge 
of the airfoil. 


Induced Camber 


The induced camber or so-called streamline curvature 
(references 1 and I].) is extremely important in determining 
the aspect-ratio corrections to hinge moments. The induced 
camber results in an increment of elliptic chord loading, 
which causes large changes in the pressure distribution 
near the airfoil trailing edge. 
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/ 

( 


The 

wb 


induced camber as measured by the parameter 


2F 


max , 


1 s 


presented in figure 11 for three types of 

d(x/c ) 

chord loading. The data for the angle-of -attack chord 
loading are obtained from reference 2. The induced camber 
decreased at all spanwise stations as the center of pressure 
moved toward the leading edge of the airfoil; however, no 
simple relation for expressing the variation is apparent. 


CONCLUSIONS 


Surveys of the vertical component of the induced 
velocity field of two vortex patterns have been made by 
the electromagnetic-analogy method. The vortex patterns 
represented elliptic wings having aspect ratios of 3 and 
chordwise loads corresponding to a thin airfoil with a 
0 . 5 -chord flap and a thin airfoil with parabolic-arc 
camber, both in two-dimensional flow. A study of the 
results of the present measurements and those previously 
made of a vortex pattern representing a wing of the same 
plan form with an angle-of -attack chord loading indicated 
the following conclusions: 

1. The increment of induced downwash at the 0 . 5 -chord 
line above the value predicted by lifting- line theory is 
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a linear function of the center-of -pres sure location; the 
increment decreases as the center of pressure moves toward 
the trailing edge of the airfoil. 

2. The induced camber decreases as the center of 
pressure of the section lead moves toward the leading 
edge. The variation does not appear to be linear. 


Langley Memorial Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Va . , November 23, 19^5 
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Fig. 1 



Figure /.- Chord wise distribution of circu/otion 

function fZr/cc^Vj f/ap for o thin o/rfo/i wit/? a O. d chord f /op. 
(Determined fro rn th/n- airfoil theory.) 



for an el ftp tic w/ng haring 0/7 aspect ratio of 3 and OS-chord- 
f/a/o chord hading. 


Fig. 2 NACA TN No. 1064 
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Fig. 



Figure 3- Cborc/w/se d/str/bc/tior) of circulation 
function C^F/cc^) pa fora tb/n o/rfo/i with 
parabolic - ore con bar. i Date mined from thin- 
airfoif tbeorg ■) 



Fig. 4 NACA TN No. 1064 






•Figure 5.- 
an as pec 


Electromagnetic-analogy model of an elliptic 
t ratio of 3 and parabolic -arc-camber chord 1 


wing having 
oading. 
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Fig. 6 



Figure 6 - The nond/mens/ono/ down wash — 

' max 

for o thin e///joi/c wing har/ng on os joed ratio of 
3 and 0.5- chord-f/op chord ioading. Vo foes 
obto/ne d from tes ts of an e/e c tro m ogne t/c - 
ono/ogg mode/. 


NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 


Increment of nondiznensiona/ downwash; 


Fig. 7 


NACA TN No. 1064 



Figure 7- The increment of non d /me ns /ono / downwosh 

-Jyfi — - ( atJ * — ) f° r an e///pt/c wzng herdng on 
F/ max y^Fmoxz LL 

aspect ratio of 3 and O.d-c/?ord-f/op chord Jo od/ng- 
Va/tzes obtazned frozn tests of an e/ectroznagnet zc - 
ano/ogg mode/. 


Non dimensional downwc/sh 
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Fig. 8 



Figure Q - The nond/mens/onai down wash wb/ZF max 
for o thin e if ip tic w/ng having on aspect ratio of 3 
and porabo/ic- arc-comber chord loading- l/o/ues 
obtained fro/7? tests of an electromagnetic - analogy 
mode/. 


Increment of nond/mensiona/ downwashj 


Fig. 9 
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Figure 
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9- The increment of non dimensional downwosh 
T wb 


zr. 


X 


for an elliptic w/ng having an aspect 


max yZfmaxI LL 
ratio of 3 with parobo/ic- ore- camber chord loading. 

Values obta/n&d from tests of an e/ectromagnet/c- 
ano/oou mode / national advisory 

COMMITTEE FOR AERONAUTICS 


Increment of nond/mensionoi down wash, 
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Fig. 10 
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C enter- of- pressure coefficient, Cp 


Figure /0~ Increment of nond/mens/ono/ downwash 

at the OF- chord fine os a 


wb 


-dm-) 

v^' max/ 


Z-fimox 

function of the center- of- pressure coeff/c/ent 
of the sect /or? / oad- E/fipt/c w/ngs, A =3- 
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Fig. 11 
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Figure //• ~ Spanw/se variation of the induced-camber 

parameter d (pb/2-.Fmox) for various chord Fadings 

dft/c) 

as determined by the e/ectromagnetic - ano/ogg 
me thod. £F Uiptic wings ; A = 3 . 


